Experimental populations were set up in the glasshouse in order to investigate the factors responsible for the increase in B-chromosome frequency between the seed and seedling stages of A ilium schoenoprasum at the River Wye, Powys, S. Wales. Both the density of sowing (100, 250, 500 and 1000 seeds per pot) and the availability of moisture (normal, waterlogged and drought) were varied in the experimental system, which involved growing plants in small plastic multipots. Sowing density had no effect on the B-chromosome constitution of survivors, but the effect of moisure on the proportion of B-containing plants amongst the survivors was significant at the 5 per cent level. Moisture also had a significant effect on the proportion of non-standard B-types amongst the survivors. Drought conditions had the most pronounced effects, and the significance of this is discussed in relation to the conditions encountered by A. schoenoprasum at the River Wye.
Introduction
The role of B-chromosomes has been the subject of considerable discussion and speculation for many years (Darlington, 1956; Jones, 1975; Jones & Rees, 1982) . A widely favoured view is that B-chromosomes have no adaptive role but are maintained in populations as a result of accumulation mechanisms which serve to balance the negative selection that operates against individuals or gametes that carry them (Ostergren, 1945; Nur, 1977; Matthews & Jones, 1983) . This view takes little account of cases where B-chromosomes appear to be associated with selectively advantageous effects. We have described recently a situation in A/hum schoenoprasum at the River Wye, Powys where B-chromosomes confer a selective advantage to the survival of individuals during the early stages of the life-cycle (Holmes & Bougourd, 1989) . A highly significant increase in the frequency of B-containing individuals was found to occur between the seed and seedling stages; approximately 64 per cent of seedlings collected from the sample area contained B-chromosomes compared with only about 55 per cent of individuals grown up from a seed sample collected from the same area earlier in the season. We proposed that this selective advantage of B-containing individuals during the crucial early stages of the life-cycle may be sufficient to maintain the B-chromosome poiymorphism at the River Wye despite the apparently deleterious effects of Bs on adult plants and the absence of an effective accumulation mechanism (Bougourd & Parker, 1979a) .
It is difficult to define precisely the conditions at the River Wye that are responsible for the differential survival of B-containing individuals. However, it is clear that only a very small proportion of the seeds produced by plants at the River Wye survive as seedlings until the autumn, and one of the most important factors influencing survival appears to be the availability of moisture for early germination and subsequent establishment of the seedlings before the dramatic rise in the river level at the end of the summer (Holmes & Bougourd, 1989 ). In the work described here, experimental populations were set up in the glasshouse in which both the density of sowing and the availability of moisture were varied in order to investigate the factor or factors responsible for the increase in B-chromosome frequency between the seed and seedling stages at the River Wye. The experimental system, which involved growing plants in small plastic multipots, was similar to that devised by Rees & Hutchinson (1973) in their studies of the fitness of individuals with B-chromosomes in Lohium perenne and Secaie cereale. The density experiments were subjected to each of three watering regimes: normal, waterlogged, and drought.
Materials and methods

Materials
Normal. Approximately 2 cm3 of water per pot was delivered once a day via an automated mist spray unit.
Waterlogged. Pots were placed in polystyrene containers which were kept filled with fresh water. The container was subdivided from the rim of the pot upwards to prevent seeds floating to neighbouring pots.
Drought. Approximately 2 cm3 of water per pot was delivered twice weekly via a second automated mist spray unit.
The 16 groups of 10 pots (two replicates each of eight sowing densities) in the normal and drought regimes were arranged in trays at random around their respective mist spray units. Each group of 10 pots in the waterlogged regime was placed in a separate polystyrene container, and the 16 containers randomized within the glasshouse.
Germination and survival rates
The numbers of seeds that had germinated in each pot were recorded at regular intervals, and the numbers of survivors throughout the experiment were scored by counting the sheathing leaf bases visible above the compost. At the end of the experiment, a final count of survivors was made by counting the number of bulbs present in the pot. Very few bulbs had evidence of rhizome remains, so it can be assumed that surviving bulbs represented individual genets.
Chromosome counts
On the basis of relative survival rates after 38 weeks, it was decided to examine cytologically a random sample of 25 genets from each pot sown with 100, 250, 500 and 1000 seeds from each watering regime. Where there were less than 25 survivors per pot, all the individuals were examined. The plants chosen for analysis were potted up individually in Levington Universal compost. Root tips were pretreated with 0.05 per cent colchicine for 2 h, fixed in 1:3 acetic-alcohol and stained by the Feulgen method.
Results
Survival
The data for the relative survival of seedlings after 38 weeks under the density and watering regimes chosen for analysis are given in Table 1 . The percentage surviving under normal watering conditions, decreased with increasing sowing density, from a maximum of 35 per cent at 100 seeds per pot to about 16 per cent at 1000 seeds per pot. Similarly, in waterlogged conditions, the percentage surviving fell from about 34 per cent at 100 seeds per pot to less than 10 per cent at 1000 seeds per pot. The number of survivors remained more or less constant after the first 2 weeks, which suggests that under these conditions it is germination and early establishment of seedlings that is important in determining the longer-term survival of individuals.
In drought conditions, a very limited amount of germination occurred over a longer period of about 8 weeks, and a correspondingly low number of seedlings (<3 per cent) were present in the pots at all sowing densities after 38 weeks, with the same trend of lower survival at higher sowing densities.
B-chromosome Constitution of survivors
The percentage of plants containing B-chromosomes amongst the survivors for each density and moisture level is also given in Table 1 , together with the distribution of B-chromosome number and the mean number of B-chromosomes per plant. The types of B-chromosomes amongst the survivors are given in Table 2 .
The data were analysed using the GUM Statistical Package (Royal Statistical Society, London, 1989) . Logit analysis was used to compare the frequency of B-containing plants amongst the survivors of the various regimes (Table 3) . Whereas sowing density had no effect on this frequency, the effect of moisture was significant at the 5 per cent level. Ninety-five per cent multiple confidence intervals showed a significant (Table 4) . Using log-linear analysis, the frequency distribution of the number of B-chromosomes per plant was also shown to be independent of sowing density and moisture treatment (Table 5) .
Thirteen different types of B-chromosome were recorded amongst the survivors (Table 2) . None of these have been described previously (Bougourd & Parker, 1975; Bougourd & Parker, 1979a; Holmes & Bougourd, 1989) . The four novel B-types included two metacentric Bs of approximately 1.6 and 5.8 pm in length, designated B4 and B_S, and two submeta- The frequency of non-standard B-chromosomes between regimes was compared by logit analysis (Table   6 ). The effect of moisture was significant at the 5 per cent level. Ninety-five per cent multiple confidence intervals showed a significant difference between the drought (15.3 per cent non-standard) and both the normal (10.3 per cent) and waterloggged (10.8 per cent) regimes, which were themselves not significantly different.
Discussion
These experiments have shown that moisture conditions, especially drought, can affect the proportion of plants amongst the survivors which contain B-chromosomes, and they provide clear evidence for the differential fitness of B-containing and non-B-containing (Rees & Hutchinson, 1973; Hutchinson, 1975; Teoh et aL, 1976; Teoh & Jones, 1978 (Bougourd & Parker, 1979b) , but these were carried out under favourable growth-room conditions and
were not designed to pick up very small differences in the germination rate. Further experiments on the relative ability and rate of germination of B-containing seeds in limited amounts of moisture are clearly necessary in order to establish more precisely the nature of the advantage due to B-chromosomes for the survival of individuals under drought conditions. In our studies of the survival of individuals containing B-chromosomes at the River V'e, we found that non-standard B-types were significantly less frequent amongst the seedlings relative to the seeds (Holmes & Bougourd, 1989 ). This did not seem surprising because it is likely that the non-standard derivatives of the standard type of B-chromosome may fare less well than the standard Bs which have presumably evolved over successive generations in response to the conditions at the River Wye. In the present experiments, we have again shown that drought conditions have a significant effect on the frequency of non-standard B-types but we were interested to note that the effect was to increase these types at the expense of standard B-chromosomes. The increase was almost entirely due, however, to the greater occurrence of B13 in the survivors of the drought conditions; 7 per cent of the B-chromosomes in the drought survivors were of this type compared with less than 2 per cent in the normal and waterlogged conditions. A small increase in the frequency of Bt3 was also found in the seedlings in the previous study (Holmes & Bougourd, 1989) , but this was more than offset by the marked increase in the standard B-type. Bt-J is approximately 33 per cent longer than the standard Bt1 and relatively unstable at mitosis (Bougourd & Parker, 1979a ). It will be interesting to monitor the frequency of this particular B-type in future generations in the natural populations at the River \'e.
